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(57) Abstract 

PURPOSE: To prevent the generation of deviation in 
projection pattern by the . inclination of temperature 
distribution by a method wherein an exposing operation 
is conducted while at least the temperature of lenses, 
having a relatively high degree of concentration of 
transmitted light, among a plurality of lenses, is being 
made uniform. 

CONSTITUTION: A plurality of air-jetting nozzles 15, 
whose jetting holes are directed to an incident-end lens 
11 and an emission-end lens 12, are provided on the 
upper and the lower parts of an outer cylinder 10. The 
above-mentioned air-jetting nozzles 15 are connected to 
an air supply source respectively, and at the same time, 
the flow rate of air is controlled by the flow-rate 
controllers which are provided on the lower stream side 
of the air supply source. The flow rate set on each flow 
rate controller is set in such a manner that it -is 
increased as going to the region of the concentrated 
transmitted light in the emission-end lens 12. As a 
result, a projection-exposure operation can be conducted 
without generation of irregularity of projection pattern 
by the inclination of temperature distribution on the lens. 
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CLAMS - ■ ' 

[Claim(s)] ^ ^ - ' ~~ " ^ T^'~"~- 

[Claim 1] The projection exposure technique characterized by exposing in the projection exposure 
technique which imprints the pattern of this photo mask to a substrate by leading the transmitted 
light to a substrate through the projection optical system which has two or more lenses, carrying 
out the scan of the photo mask with the lighting light which passed the slit' while the degree of 
concentration of the above-mentioned transmitted light equalizes the temperature of a high lens 
relatively at least among two or more above-meiitioned lenses, 

[Claim 2] The projection exposure technique according to claim 1 characterized by performing 
equalization of the temperature of the iabove-mentioned lens by carrying out forced cooling of this 
lens. 

[Claim 3] The projection exposure technique according to claim 1 characterized by carrying out 
by distributing the heat with which this lens has equalization of the temperature of the above- 
mentioned lens within this lens. 

[Claim 4] The projection aligner to which degree of concentration of the above-mentioned 
transmitted light is characterized by having a temperature equalization means for a high lens 
relatively at least among two or more above-mentioned lenses in the projection aligner equipped 
with a photo mask, the lighting optical system which irradiates the lighting light which passed the 
slit to tiiis photo mask, and the projection optical system which consists of two or more lenses arid 
leads the transmitted light from this photo mask to a substrate, 

[Claim 5] The projection aligner according to claim 4 to which the above-mentioned temperature 
equalization means is characterized by having the gas-injection nozzle which injects a gas towards 
the above-mentioned lens. 

[Claim 6] The projection aligner according to claim 4 to which the above-mentioned temperature 
equalization means is characterized by having the radiator which encloses the periphery of die 
above-mentioned lens. 

[Claim 7] The projection aligner according to claim 4 to which the above-mentioned temperature 
equalization means is characterized by having the motor made to rotate an optical axis for the 
above-mentioned lens as a center. 

[Claim 8] The projection aligner according to claim 4 to which the above-mentioned temperature 
equalization means is characterized by having the heat insulation field which encloses the 
periphery of the above-mentioned lens. 


[Translation done.] 
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DETAILED y ^ 

[Detailed Description of the Invention] - 

[0001] ^ ' * • 

[Field of the Invention] This invention relates to the technique that projection exposure of so- 
called step - and - scanning method can be performed especially, without carrying out the aging of 
the projection pattern, about the projection exposure technique applied to a photolithography in 
the manufacture field of semiconductor equipment etc. Moreover, it is related with the projection 
aligner used for this, 
[0002] 

Pescription of the Prior Art] In the manufacture field of semiconductor equipment, 16MDRAMs 
based on die design rule of half micron (0.5 micrometers) level already shift to a mass-production 
line, and, recently, mass production is started also for a part of 64MDRAMs based on the design 
rule of sub half micron (^0.35micrometer) level. Moreover, the study is advanced also about the 
manipulation of the quarter micron (0.25 micrometers) level needed by 256MDRAMs of the next 
generation. The technique used as the key of progress of such a detailed manipulation is a 
photolithography, and the conventional progress has the large place depended on short- 
wavelength-izing of exposure wavelength, and high numerical-aperture(NA)-ization of the 
reduction projection lens of a reduction projection aligner (stepper). 

[0003] By the way, in the above-mentioned stepper, since it corresponds to large area-ization of 
the chip size by the further high integration of a semiconductor integrated circuit, it has been, 
asked for expanding the area exposed by one exposure, i.e., an exposure area. 
[0004] Batch exposure is performed to step - applied conventionally and - repeat method, i.e., the 
exposure area containing at least one chip, and in the method to which this exposure area is 
moved one after another on a substrate, since an exposure area can be formed only inside an 
effective exposure circle, in order to aim at an expansion of an exposure area, you have to 
diameter[ of the macrostomia ]-ize a projection lens. However, also technically, it is very difficult 
to manufacture the diameter lens of the macrostomia without aberration also in price, 
[0005] Then, the method which solves an above-mentioned problem was able to be considered by 
exposing, carrying out [ rather than carryinjg out batch exposure of the one exposure area ] the 
scan of the lighting light. This method is called step - and - scaiming method, and exposure to a 
wafer is performed, carrying out the scan of the lighting light which an outgoing radiation is 
carried out from the light source, and passed the slit to a photo mask. In addition, lighting optical 
system and a projection optical system are moved in the orientation of the inside of the field 
practical, synchronizing a photo mask and a wafer fixed. 

[0006] By this step - and - scanning method, an effective exposure diameter of circle serves as the 
width of face of an exposure area as it is, and moreover, the length of an exposure area becomes 
possible [ expanding an exposure area ], without diameter[ of the macrostomia ]-izing a projection 
lens unlike step - and - repeat method, since it is decided by distance of a scan. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, by step - and - scanning method, since 
incidence of the lighting light which passed the slit is carried out to a projection exposure system 
through a photo mask as mentioned above, in the lens of an incidence edge and an outgoing- 
radiation edge, and the lens near an entrance pupil, light will concentrate near [ a certain ] the 
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' diameter especially also in two or more lenses which constitute a projection optical system. And if 
a long time is covered and this status continues, since a bias will arise in tfie temperature 
distribution in a lens and a lens will expand unevenly, the pattem projected on a wafer will be 
distorted, 

[0008] In step - and - scanning method, since the lens is used together also in the projection 
optical system which applied this mirror scan fomula in order to rectify various aberration 
although there is a mirror scan formula which constitutes this projection optical system other than 
the lens scan formula which constitutes a projection optical system only from two or more lenses 
from two or more mirrors, an above-mentioned problem will arise. - - . . 

[0009] Then, this invention is proposed in, view of such conventional actual condition, and aims at 
offering the projection exposure technique .which can be performed, without producing distortion 
of the projection' pattem according projection exposure of step - and - scanning method to the bias 
of the temperature distribution in a lens. Moreover, it aims at offering the projection aligner used 
for this. , 
[0010] 

[Means for Solving the Problem] carrying out the scan of the photo mask with the lighting light 
which the projection exposure technique .concerning this invention is proposed. [ light ] in order to 
attain the above-mentioned purpose, and passed the slit By leading the transmitted light to a 
substrate through the projection optical system which has two or more lenses In the projection 
exposure technique which imprints the pattem of this photo mask to a substrate, while the degree 
of concentration of the above-mentioned transmitted light equalizes the temperature of a high lens 
relatively at least among two or more above-mentioned lenses, it exposes, 
[001 1] Here, in order to equalize teihperature of the above-mentioned lens, the technique of 
carrying out forced coolmg of this lens and the method of distributing the heat which a lens has 
within this lens are mentioned. 

[0012] It has a photo mask, the hghting optical system which irradiates the lighting light made to 
pass a slit to this photo mask, and the projection optical system which consists of two or more 
lenses and leads the transmitted light from this photo mask to a substrate, and, as for the 
projection aligner for realizing such projection exposure, the degree of concentration of the above- 
mentioned transmitted light should just have a temperature equalization means for a high lens 
relatively at least among two' or more above-mentioned lenses. 

[0013] Forced cooling of the lens can be carried out and what has the gas-injection nozzle which 
injects a gas towards a lens as the above-mentioned temperature equalization means, the thing 
which has the radiator which encloses the periphery of a lens are suitable. Moreover, the heat 
which a lens has can be distributed within this lens, and what has the motor made to rotate an 
optical axis for the above-mentioned lens as a center, the thing which has the heat insulation field 
which encloses the periphery of a lens are suitable. 
[0014] 

[Function] If it exposes, applying this invention and equalizing the temperature of a lens, in order 
for a part of lens not to expand, the pattem projected on a substrate is not made distorted. That is, 
it is enabled to perform exposure to a large exposure area, preventing the aging of a projection 
pattem. 
[0015] 

[Example] The projection aligner hereafter used for the projection exposure technique and this 
concerning this invention is explained, referring to a drawing. 

[0016] First, the rough configuration of the projection aligner of step - used for each foUov^ng 
example and - scanning method is shown in drawin g 1 . After this projection aligner carries out 
the outgoing radiation of the i line by which the outgoing radiation was carried out as parallel 
light through a collimator lens and a fly eye lens from Hg lamp not to illustrate in the lighting unit • 
1 , it makes the photo mask 4 on the photo-mask stage 3 pass this light through a slit 2, and carries 
out reduction projection of the pattem of this photo mask 4 through a projection optical system 5 
at the wafer 7 on the wafer stage 6. 

[00 1 7] In the above-mentioned projection aligner, the photo-mask stage 3 is made movable to x . 
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shaft orientations to the lighting unit 1, the slit 2, and the projection optical system 5 being fixed, 
although opening of the opening 2a of the above-mentioned slit 2- is carried out to y shaft 
orientations (perpendicular to space) by large width of face (not shown) more nearly somewhat 
than the dimension of y shaft orientations of a photo mask 4, it is narrower than the dimension of 
X shaft orientations of a photo mask 4 to x shaft orientations w ~ opening is carried out by 
width of face For this reason, when the photo-mask stage 3 is driven and a photo mask 4 is moved 
in the x shaft plus (+) orientation, lighting light L of the width of face which becomes w which 
passed the above-mentioned slit 2 will carry out the scan of the photo-maslc 4 top in the -x shaft 
minus (-) orientation. - . . , - _ 

[0018] it is enabled for the above-mentioned wafer stage 6 to consist of a xy stage 8 for boiling a ' 
wafer 7 in xy side and making it move, and a z stage 9 for making it move to z shaft orientations, 
and to move it to both the stages 8 and the position which had this wafer 7 specified by the 
combination of an operation ofnine in-3 dimensions 

[001 9] For this reason, if it exposes^ moving a photo mask 4^and the wafer 7 to x shaft 
orientations, respectively, carrying out . the. scan of the lighting light L of the width of face which 
becomes w to a photo mask 4,. the pattern of the area illuminated in this lighting light L can be 
continuously projected to the area where a wafer 7 corresponds, and projection exposure of so- 
called step - and - scaiming method can be performed. *. 

[0020] In addition, if the above-mentioned z stage 9 is moved, the relative position of the focal 
plane of an image-formation and >yafer sidje which are projected firom the above-mentioned 
projection optical system 5 can be changed, namely, an image-formation side can also be changed. 

[0021] By the way, if the scan of the lighting light L is carried out to a photo mask 4 as mentioned 
above, the pattern of a photo mask 4 will be reduced to one fourth within a projection optical 
system 5, and it will be projected on a wafer 7. In order to enable such reduction projection, as a 
projection optical system 5 is shown in drav^ng 2 , it comes to allot the lens group 13 which 
consists of near and two or more lenses of the circumference of an entrance pupil besides the 
incidence edge lens 1 1 and the outgoing-radiation edge lens 12 in a sheath 10, 
[0022] In addition, the degree of concentration of the transmitted light from a photo mask 4 is 
collectively shown in drawdng 2 . That is, in the incidence edge lens 1 1 and the outgoing-radiation 
edge lens 12, the transmitted light concentrates near the diameter with these lenses 1 1 and 12 
corresponding to the opening 2a configuration of ^slit 2. Moreover, in the lens group 13, although 
the transmitted light concentrates near the diameter with this lens with the lens of position A near 
an entrance pupil, the transmitted light is distributing on the whole lens with the lens of positions 
B and C which is separated from an entrance pupil. 

[0023] In this invention, the temperature equalization means for the lens with the high degree of 
concentration of the transmitted light which was mentioned above at least among two or more 
lenses which constitute a projection optical system 5 was established. 

[0024] In the one example example, in order to equalize the. temperature of a lens, the example 
which prepared the air-injection nozzle for injecting air towards a lens is explained using the 
drawing 3 and the dravsdn g 4 . 

[0025] Specifically, as shown in drawing 3 , the upper part of a sheath 10 and two or more air- 
injection nozzles 15 to which the air-injection opening was caudad turned to the incidence edge 
lens 1 1 and the outgoing-radiation edge lens 12 were formed. 

[0026] These air-injection nozzles 15 are made as [ control /, respectively / the flow rate of air / by 
the flow controller which was prepared in the lower-stream-of-a-river side of this air source of 
supply and not to illustrate ] while it coimects with the air source of supply not to illustrate, 
respectively. 

[0027] And the flow rate of the air set as each flow controller was made to increase as what goes 
to the area (it is hereafter described as an optical concentration area.) which the transmitted light 
in the incidence edge lens 1 1 and the outgoing-radiation edge lens 12 concentrates. That is, the 
flow rate of the air which goes the flow rate of the air supplied to the incidence edge lens 1 1 in ': 
drawing_4 to optical concentration area 1 la as the size of the arrow head shows was increased 
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rather than the flow rate of the air which goes to other areas. 

[0028] In addition, beforehand, the flow rate of the air supplied with these air-injection nozzle 1 5 
measures the temperature characteristic in the incidence edge lens 1 1 and the outgoing-radiatiori 
edge lens 12,- and the cooling property by the air-injection nozzle 15, and set them up based on 
this. 

[0029] Thus, when air was supplied from the air-injection nozzle 15, even if it exposed by making 
air cooling to the incidence edge lens 1 1 and the outgoing-radiation edge lens 12, and covering a 
long time, a bias did not arise in the temperature distribution of each lenses 1 1 and 12, It was lost 
that the lens with the high degree of concentration of the transmitted light expands unevenly by 
this, and the aging of the pattern projected on a wafer has been prevented, 
[0030] In the two examples example, in order to equalize the temperature of a lens, the example 
which prepared the radiator in the periphery of a lens is explained using drawing 5 . 
[0031] Specifically, as shown in drawing 5 , the radiator 21 which consists of an aluminium 
nitride (AIN) so that the periphery of a sheath 10 may be surrounded was formed. In addition, this 
radiator 21 is made by dipping the edge in liquid nitrogen 22 with a configuration which misses to 
the exterior the heat taken from the sheath 10, 

[0032] When exposure covering a long time was performed using the projection aligner in which 
such a temperature equalization means was prepared, since heat was taken by the radiator 21, also 
in the lens with the high degree of concentration of transmitted light called the incidence edge lens 
1 1, the outgoing-radiation edge lens 12, and the lens near the entrance pupil in the lens group 13, 
the bias produced neither of the lenses of a projection optical system 5 in the temperature 
distribution in a lens. 

[0033] In the three examples example, in order to equalize the temperature of a lens, the example 
which formed the motor made to rotate a lens is explained using the drawing 6 and the drawing 7 . 

[0034] Here, the lens vvdth the high degree of concentration of the transmitted light was rotated 
every sheath 10, in order to rotate an optical axis as a center. The rotation-axis receptacle 18 
which is shovm in drawing 6 was made to specifically fit into the periphery side of a sheath 10 
outside as a support means of a sheath 10, Thereby, this sheath 10 is supported possible [ rotation 

[0035] Moreover, as a rotation drive means of a sheath 10, as shown in dravmig 7 , the motor 
which consists of Rota 16 which consists of a magpet which forms a multipole, and a stator coil 
17 arranged around this Rota 16 was used. That is. Rota 16 was attached in the periphery side of a 
sheath 10, the stator coil 17 was allotted to this periphery, and rotation of Rota 16 was enabled 
every sheath 10 by impression of the current to a stator coil 17. ^ 

[0036] Thus, in the lens with the high degree of concentration of the transmitted light, when the 
sheath 10 was rotated with a fixed rotational speed, in order that an optical concentration area 
might change continuously, a bias did not arise in the temperature distribution in a lens. 
[0037] However, if it exposes by covering a long time with the application of this example, each 
lens which constitutes a projection optical system 5 will continue all over a lens, temperature will 
rise, and each lens will continue and expand on the whole surface, respectively. For this reason, in 
this example, the intumescence property of a lens was measured beforehand, and it exposed, 
carrying out the correction based on this. 

[0038] In the four examples example, in order to equalize the temperature of a lens, the example 
which prepared the heat insulation field in the periphery of a lens is explained using drawin g 8 . 
[0039] Specifically, as shown in drawing 8 , the heat insulation field 24 which consists of a 
porous material ceramics so that the periphery of a sheath 10 may be surrounded was established. 
[0040] Although the temperature of the optical concentration area in the lens with the high degree 
of concentration of the transmitted light rose and the bias arose in the temperature distribution in 
this lens in the beginning when exposed using the projection aligner in which such a temperature 
equalization means was prepared, when this heat was transmitted throughout the lens and 
saturated, the temperature distribution in a lens equalized. 

[0041] For this reason, in this example, beforehand, since the temperature of each lens was 
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saturated, exposure was started. Even if this was exposed by covering a long time, deformation of 
the pattern projected did not happen. 

[0042] As mentioned above, although the projection aligner used for the projection exposure 
technique and this concerning this invention was explained, this invention is not limited to an 
above-mentioned example. For example, although AIN was used as electric discharge field 21, 
each material with high thermal conductivity can substitute an example 2 for a diamond, carbon, a 
beryllium oxide, etc. Furthermore, deformation of cooling each lens, using a Peltier effect in 
makmg the periphery of a sheath 10 wind the pipe through which a refrigerant circulates **** is 
also possible. " . - -^^ _ 

[0043] Moreover, in order to rotate a sheath 10 like an example 3,- it may be made to gear with the' 
gear section in which the gear section is prepared in the periphery of a sheath 1 0, and this was 
prepared by the spindle of a motor, and the driving force of a motor may be made to transmit. 
Moreover, it is good also as driving force for a sheath 10 rotating tbe ultrasonic motor which 
produces a physical progressive wave using a supersonic oscillation. 
[0044] Moreover, in the example 4, although the porous material ceramics was used as heat 
insulation field 24, you may use various polymeric materials and the material with the low 
thermal conductivity like firing styrol. 

[0045] In addition, in the projection aligner mentioned above, although i line which is the bright 
line of Hg lamp as lighting light L was used, change of using g line which is similarly the bright 
line of Hg lamp, or using excimer laser light, such as KrF, is also possible. However, if it cools by 
gaseous injection like an example 1 when usmg excimer laser light, it is not the large air of an 
optical absorption but N2. It is desirable to use gas. 
[0046] 

[Effect of the Invention] If the projection exposure technique concerning this invention is applied 
so that clearly also from the above explanation, it can carry out, without producing distortion of 
the projection pattern according the projection exposure by step - and - scanning method to the 
bias of the temperature distribution in a lens. 

[0047] For this reason, it is enabled to raise sharply the reliability of the photolithography process ' 
of detailed-izing and the semiconductor equipment diameter[ of the macrostomia ]-ized. 


[Translation done.] 


* NOTICES * 


The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 

3 .In the drawings, any words are not translated. - , - ^ _ 


D E S CRIPTIO N OF DRAWINGS ,1 " 

[BriefDescription of the Drawings] ^ 

[Drawing 1] It is the ** type view showing the example of a configuration of the projection 
aligner of step - applied to this invention, iand - scanning method, 

[Drawing 2] It is the ** type view showing the principal part of a projection exposure system, and 
the degree of concentration of the transmitted light. 

[Drawing 3] It is typical. sectional drawing showing the principal part of the projection exposure 
system which has an air-injection nozzle as a temperature equalization means. 
Prawing 4 ] It is the conceptual diagram showing the flow rate of the air injected from 
arrangement of an air-injection nozzle, and this air-injection nozzle. 

[Drawing 5] It is typical sectional drawing showing the principal part of the projection exposure 
system which has a radiator as a temperature equalization means. 

[Drawing 6] It is typical sectional drawing showing the principal part of the projection exposure 
system which has the motor made to rotate a sheath as a temperature equalization means, 
[Drawing 7] It is the typical plan showing the configuration of the motor made to rotate a sheath. 
[Dra5ving_8] It is typical sectional drawing showing the principal part of the projection exposure 
system wliich has the heat insulation field as a temperature equalization means. 
[Description of Notations] 

1 Lighting Optical System 

2 Slit 

4 Photo Mask 

5 Projection Optical System ^ 
7 Wafer 

10 Sheath 

1 1 Incidence Edge Lens 

12 Outgoing-Radiation Edge Lens 

13 Lens Group 

15 Air-Injection Nozzle 

16 Rota 
17StatorCoil 

21 Radiator 

22 Liquid Nitrogen 

24 Heat Insulation Field 
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